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INITIALRESULTSOF INSTRUMENT-~YINGTRIALSCONDUCTED INA
HELICOPTER‘

By ALMEU D. GUM, JOHN P. Rmmj ma JMJESB W-

SUMMARY

Instwment-flying tnkik hamebeen conducted in a 8ingik
rotor helicopter, tti maneuver 8ta3ility of whioh co?dd be
ohanqed from 8ati8@cto~ to wn8ati8faA07y. The re8ult8
indicated that eiuhting .bngitudimd ji!~”ng-gua.liti re@”re-
ments lw.wd on contact flight were adqua.te for indrumd
flight at speeb above that for minimum power. lfowewr,
laterul-directimml prob.km were enoowntered at 70W8pee&
and during precz%ionm.aneutwr8.

The adequaoy, for hdioopter u8e, of standard &rpk&e in-
druments was aZ80invmtigated, and the oondu.wbn wu
reaohed that speciul inatrumeru%would be de8iraW under
all conditions and necemary for sustained louwpeed titru-
ment flight,

INTRODUCTION

If the cnpnbilities of the helicopter are to be fully realized,
imshwment nnd night fight must be readily accomplished.

Since comparatively little instrument flying has been at-
tempted with helicopters, the Lnngley Aeronautical Labc-
rntory hns undertaken a flight investigation to determine
whether the flying-qualities requirements for helicopters sug-
gested in reference 1 me adequate for instrument flight and
whether any unknown or unusual problems efist. In addit-
ion, information was sought as to whether special flight
instruments nre necessaly for successful instrum ant flying in
rotary-wing aircraft. The initial resuhk of this program nr8
given in the present report.

TEST HELICOPI’ER AND METHODS

CONFIGURATIONANDMODHJICATIONS

The single-rotor helicopter used in tb-k investigation is
shown in figure 1. An additional set of controk a flight-
instrument pnnel, and a cloth hood (fig. 2) were installed
in the renr cockpit to ennble the pilot to fly solely by instru-
ment%.

The flight instruments provided (fig. 3) were those that
nre normally considered adequate for an airplane and in-
cluded a directional gyro, nn artificial horizo~ and a turn-
and-bnnk indicator, all of which were electrically driven.
The artificial horizon was somewhat more sensitive in pitch

SINGLEROTOR

than a standard instmunent, 27° providing full-scale deflec-
tion. The trim range of this instrnm ent was kept within
clesirable limits by tilting the entire instrument panel ap-
proximately 6° to compensate for the nose-down-fight atti-
tude of the helicopter. ‘

For test purposes the maneuver stability, or the presence
or absence of a tendency to diverge in pitch (see ref. 2), was
cha~~ed hy means of horizontal tail surfaces linked to the
longitudinal cyclic control. Two cordigurations tvere used:
tail-off, wherein the helicopter did not meet the longitudinal
requirements of referpnce 1, nnd tnil-on, wherein it satied
these criterin.

Inasmuch as the t~t helicopter was equipped with irre-
versible servocontrols, which give no stick-force gradient, it
was possible to introduce M51icial ‘(feel>) by means of spring-
loaded centering devices installed in the lateral and longi- ‘
tudinal cyclic control systems.

MMnmVmN

Three diferent flight maneuvers were used for purposes
of this @vestigation: (1) straight and level flight f or-d min-
ute followed by left and right 90° turns, (2)’ palh&n C
(shown in fig. 4), and (3) ground-controlled a~pronch
(GCA).

Precision GCA was flown at 65 to 70 knots (lower speeds
were not permifled because of traflic conditions) with both
the tail-on nnd tail-off configurations. Pattern C was I&.
flovm with both configurations. The level-fligh~pl~fi~
pattern was performed not only with the tail on and off but
also with the artificial horizon covered and uncovered, at
various airspeeds ran=~~ from 15 to 75 lmot5. No tiort
was made to find smooth h, and all &ohts were made in
fight to moderate turbulence.

In general, each maneuver was p&formed by two pilots
who were experienced in helicopters and held airplane instru-
ment ratings but who had not previously flown helicopters
under instxnm ent conditions.

Standard ~ACA recording &struments were used to ob-
tain records of control position, a-ltitud~ airspe~ manifold
prm~ stick force, and yawing velocity.

J Supersedes NACA TN 2721, “InitIaI Restdts of Instrument-Flying Triale Conducted in a Sin@e-Rotor Helicopter” by Almer D. Cr@ John P. Reeder, and
,TnmesB. IVldtten, lMK?.
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FIGURE 2-Test helicopter with insbument-flying hood. “
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I%- 4.-Instruroent-flying pattern C.

RESULTS AND DISCUSSION

MANmmERsTAmLrrY

Maneuver stability is an important flying-qualities require-
ment for contact flight of helicopters (sea ref. .2). &pointed
out in ref erence 3, a helicopter which lack$ such stability can
exhibit a rapid and dqyxous divergence in pitch if the
pilot allows his attention to be diverted. The applicability

of this requirement to instrument flying was investigated by
means ?f hooded flights in which the maneuver stability was
changed from unsatisfactory to sat&factory by the nddition
of the previously mentioned tail surfaces. The results indi-
cate ~that although the accuracy with which any given mm-
neuver could be flown was about the same with the tail on or
off, the @orb: lessened for the stable conflgumtion as tho

speed increased above about 45 knots, whereas a reversa trend
in this respect was shown with tail off, the eilort and concen-
tration required increasing with speed. At 25 knots little
,cMerence was noted between the two configurations, Al-
though the records provide no measure of the mental effort
and concentration required, the gremter physical effort at ’75
Imotsfor the unstable as compared with the stable configura-
tion is shown in the flight records of figure 5 in the form of
greater frequency and amplitude of control motion.

DIRECTIONAL CONTROL

Under certain instrument-flying conditions, holding a
given heading appears to be a greater problem than main-
taining airspeed or altitude Although the pilots had no
particular di%icmlQ in flying a given course under cruising
conditions, they reported that at low airspeeds lnrge devia-
tions in hea~~ occurred. Mso, during ground-controlletl
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approaches, where precise headiqy ud sma~ Corrections are
necessary, a disproportionate amount of” attention was re-
quired to maintain headings within reasonable limits. A ma-
jor reason for the d.Mcul@ in heading control is that the rate
of turn for a given bank angle goes up as speed is reduced,
becoming rather high at the lower helicopter speeds. Inad-
vertent deviations in bank resulted in relatively large heading
changes while the pilot was scanning the instrument panel,
pmticulwly when other corrections to flight attitude had to
be mode. Flight records show larger and more frequent
control motions and cm increase in yawing-velocity variation
for the low-speed and GCA maneuvers.

The yawing-velocity records are of particular interest. At
almost all speeds and under most flight conditions the yawing
velocity vmiecl in a characteristic oscillatory manner; the
nmplitude changed with fight condition but the period did
not vary materially (fig. 6). Harmonic analysis of several
such records revealed the predominant motion to have a pe-

riod of between 3 and 5 seconds. This period vvas such that
it might hnve been related to the time required for the pilot
to sonn the instrument panel. However, when tie h~mpter
was intentionally disturbed by rudder .ki@ the resulting

oscillation, although usually damped, had approximately the
mme frequency as that for controlled flight; therefore, the
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motion was probably not induced by the pilot. Typical os-
cillations following an intentiom-d disturbance are shown in
ligure ‘7. The signi6cance of this lateral-directional oscilla-
tion in relntion to the pilots’ difficulties is not clemr at the
present time,. .lZovrever, since the helicopter vw almost con-
tinually be~m disturbed, either by small control motions or
by atmospheric turbulence, and since under instrument-flying
conditions the pilot can devote only N part of his attention
to healing indication, oscillations having a relatively short
period would probably add to the problem of m~intaining di-
rectional control.

SIMULATED ~TRUMENT FAILURE

In order that the feasibility of helicopter instrument flying
in event of failure of the artificial horizon might be deter-
mine~ swcral of the level-flight-plus-turn mageuvers were
made with the face of this instrument covered. In the un-
stable configuration (tail-off), the uncertainty felt by the
pilots at the higher speeds with the h~rizon covered vras
indicai%d by continuous manipulation of the controls in
contrast to the relatively little motion employed when” the
horizon was availabla Also, larger deviations in ilight path
occurred when the horizon was not available. -

For the stable configuration (tail-on), the ilight records
show little difference between maneuvel% made with the hori-
zon covered tind uncovered. At crui~u speeds, hem@g,
altitude: qnd air-speed were maintained with about the same
rLccuracy and with little or no more control movement than
when all instruments were available. Even in the st~ble con-
figuration, however, the pilots stnted that prolonged flight
without the wtificial horizon was undesirable except ns an
emergmcy measure because of the high debwee of concentra-
tion and mental effort required when flying without this
instrument.

EFFZCTSOF FORWARD SPEED

The degree of W?iculty encountered in these helicopter
instrument-flyirg trials depended to a large extent upon
the forward speed at which they were attempted. At speeds
in the vicinity of cruising, all the maneuvers previously listed

were ~ccesfully accomplished. By means of close and
constant attention to flight instrumen% altitud~ airspeed,
and heading were maintained within reasonable limiik M-
though more ditlicult than in an airplane, relatively complex
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mweuvers such as pattern C -were accomplished with the
helicopter, and g-ronnd-controlled approaches were consist-
ently made down to altitudes as low as 50 feet. The maneu-
vers were successful with both the tail-off and tail-on con-
figuration% althoug~ as-previously mentioned, the stable
condition required 1- effort on the part of the pilot.

As forward speed was decreased below that for minimum
power, the helicopter became increasingly d.i.illcrdt to fly on
instruments. ~rger and more ‘fiquent control motions

were nec~nw, and greater de=riations from the desired fight

path occurred. The incrensed control motions at low speed
can be seen in figure 8, which is a,compnrison of fight &c-
ords at various airspeeds. Although no sharp dividing line
seems to &st between practical and impractical forward
speeds, the pilotd opinion was that steady flight below 25
knots would be possible only for short periods of time.

Some of the dMculties encountered below 25 knots me
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apparently ,due to errors in the present airspeed indicating
system. Steady indications me difEcult to maintnin, ewm
during visual fl.igh~ and fluctuations due to ymv and pitch
have been observed. Mso, the pilots reported that at these
lower speeds unsteady conditions were oftan encountered,
similar to those found in the vortax-ring state of operntion
during descents at low forward velocity with partial power.

There are other probleins peculiar to the low-speed region.
For exampl~ at low speeds very snmll angles of bank pro-
duce high rates of turn, so that precise Merrklirectionrd
control is dif6culL In addition, the pilot experiences little
or no normal acceleration during maneuvers at low speeds,
whereas at higher speeds such accelemtions nre believed to
be an aid in detecting changes in the flight path. There
is also the fnct that at speeds below thnt for minimum power
the relationship between power required nnd speed is just
opposite to that normally expected, nnd an ndditionnl lmrdon
is thus placed upon the pilot.

CO~OL PORCZS

The data of reference 3 indicate that the pilot should be
nble to trim steady. f orces to zero and that he should also
have a force gradient opposing displacement of the controls.
These requirements seem particularly desirable for instru-
ment flight, since in the present trinls the pilots objected to
small out-of-trim forces that had not been nppnrent to them
iII contact flight.

Various force gradients were tried in the longitudinal and
lateral control systems of the helicopter in the stable wmfigu-
ration. For this helicopter, the pilots found tlmt stick-force
gradients of about 2 pounds per inch longitudinally and 1
pound per inch lnterally were satisfactory. This longitudi-
nal gradient was too light, however, to provide sntisfnctory
maneuvering forces. The preload necesscxy to overcome
friction (nbout 1 lb laterally and 4 lb longitudinally) and
provide positive stick centering was found to be objectionable
since it hnd to ba overcome each time the stick wns moved
from trim. A himming devim is cqsidered to be necessnry
since tlie pilots objected to out-of-trim forces ns low ns 1
pound.

POSSIBLE MEANS FOR IMPROVEMENT

STAB~ ANDCONTROLCEARACIWUWICS‘

The resdts of the present inv@igdiion have shown that
improving the maneuvpr stability in accordance with the
requirements of reference 1 decreases the effort required of
the pilot in maintaining a given fright path. For the teat
helicopter, this improvement was accomplished by means of
tail surfnces linked to the longitudinal cyclic control. How-
ever, depending upon the basic configuration, there are other
methods, such as those suggested in refer&m 2, which might
work equally well for helicopters lncking in maneuver
stnbili~. .

The lateral-directional problem seems less likely to huve a
simple solution. One possibili@ for improvement would be
to increase the damping in roll and thus reduce the sensitivity
to gusts. Another suggestion has been to reduce both the
directional-control sensitivity and the wedhercock stability
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in order to avoid overcontrolling and to clecreme the sensit-
ivity to lnternl .wt~ itlthough this procedure may conflict
with practicrd requirements. A third solution is to use an
autopilot, either to control the helicopter directly or, in effect,
to modify its stnbility derivatives. Tlis approach is feasible

but involves ri substnntixl weight penalty and does not alter
tho fact that, in event of autopilot failure, inherent stdili~
of the helicopter would be highly desirable.

The previously mentioned directional oscillation requires

further investigation to determine the extent to which it con-
tributes to the pilot’s difficulties. An incrense in either period
or chunping of this motion might reduce directional-control
difficulties. However, no bmis for evaluating the importance
of this item has m yet been obtnined.

FLIGHTINSY’RUMENY%

Since the fuselage nttitude of a helicopter is independent
of the lifting-rotor position, the conventional mtiticinl hori-
zon does not nlvmys provide a reliable indication of flight-
pnth chnnge and does not supply the pilot with information

thnt will allow him to mlticipate displacement of the helicop-
ter from trim conditions. Instruments which indicnte the

attitude of the rotor with respect to the horizon would appear
to offer solutions to problems of this type. Another approach
is to provide the pilot both .nttitude and rate indication.
I?’light dnta obtained with an instrument which combines
fuselage pitch attitude and rate of chnnge of attitude have
indicnted tlmt iI combination of rate and attitude informa-
tion, possibly about nll three axes of the helicopter, might be
clesirnble. There nre also strong indications that an instru-
ment vrhich combines information usunlly obtnined from
several sources might reduce considerably the dMculty of
helicopter instrument flying.

Another possibility for improvement exists in regard to
nirspeed indication, since nt very low speeds reliable airspeed
information is diilicult to obtain in the helicopter. In nddi-
tion to usnal problems, the variation of MOW through the
rotor makes the avoidnnce of installation errors diflicult, and
gusts, even of smnll magnitude, can produce a large per-
centage of the indicated rending. A satisfactory instrument
would probably hnve to avernge or dnmp the gust velocities
imcl be relatively insensitive to variations in ynvi and pitch. ,

CONCLUSIONS

As a result of instrument-fly@ trials conducted vrith a
‘single-rotor helicopter, the follo~m conclusions were
dram :

1. Exis@u lo~oitudinal flyhqg-qualities requirements for
helicopter appeared-to be adequate for instrument flying tit
speeds above that for minimum power.

2. (lhanging the maneuver stabili~ from unsatisfactory
to satisfactory markedly reduced the effort required of the
pilot to maintnin a given flight path under instrument con-
ditions. In addition, the danger due to divergent tendencies
vrns removed.

3. During precision mnneuvem, such as ground-controlled
approaches, nnd for lovi-speed flight in general, control of
bending appeared to be a grenter problem than maintni&ng
altitude or airspeed. Much of this ditliculty vms due to the
fnct that, at usual helicopter speeQ small angles of brink
result in high r~tw of turn. The lightly damped lnternl-
directiomd oscillation, which is not alwwys appment to the
pilot, requires further investigation to determine the extent
to which it contributes to the pilot’s diilicultiw

4. With stnndard airplane instruments, normal instrument-
fly@ maneuvers were possible in the helicopter nt speeds
from about 45 to ‘?’5 knots. Hovrever, close and constnnt
attention to flight instruments vrns necessary. ~crensing
difficulty vms encountered at lower speeds, and fight below
25 knots vms possible only for very short periods.

5. All unbalanced control forces, even those of small
maetitude, were objectionable during instrument flight nnd
means must be provided for trimmin g such forces to zero
mbout all axes.

L~iNGLZYARRONMJTICULABORATORY,.
i$/ATIONALADVISORY(%~ l?ORAEROMUTICS,

LANGLEYFmLD, VA., March 11,1969.
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